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•• u .. a, cl.e •• 1ft StatiOft loa. 
Thi. pi"ecur,or, a fore!'"WlMr of tbe main pre',\lre riae a ... oeiated .Uh the primar1 

pte •• ure wa.,. bal a I lowe I' riae time and .maUe,. ampUtucle tban the main abock .ave and 

~. abaorHel int.o tbe main Hock front at a chl'ance of approximate .. 1000 feet from ,round 

.ero. Formation of a precurlor .1.1 1.110 observed on BUlter Shot Charlie; pr"alure-time 

recorela indicated that it formed at 80m" point beyond 400 feet- from ,round aero and waa ab· 

aorta.d into the lIlain ahock wave in tbe vicinity of 2000 feet from ,rowd aero. Re-exUDinaUon 

of photoarapha of Buater Shot Charlie leem. to corroborate the evidence of the! pr .. a\,ire-time! 

., reoorda;photo,araphl 1.110 leem to lhow formation of a precurlor wave on Buater Shot Do. and 

do ahow the duat pede.tal aalociated with the presumedprecur.or on Shot EalY. 

A "l •••• t.d mechaniam for the formation of the precuraor i. the ablorption of thermal 

enero by the l1"0und and releaa. of water of crystalhzation by the conatituenta of the earth'l 

cru.t. oaul1n, a audden evolution of a relatively lar,t' amount of heated material.t The prea

ence ot thi. heated material throu,hout '.he re,ion above ,round level ia prealolDled to affect 

lub.tanUally the pro".e .. ot the Ihock wave lhroup it; it becomea a re,ion of velocity dia

perlion. Since the po.tulated temperature, are hi,h, thi. effeet 1a a .trone one, and a fore

runner is clearly poaaible. 

Ordinarily (except in the re,ion where thl' Mach stem exceeds 50 feet) at .tationa where 

pre.aure measurements art' made at levels above ground Ip-vet. increaaea are observed fir.t 

at the M,heat level and la.t at the lenl nearest the ,round. On Tumbler Shot 4, however, ar

rival of the precur.or at the various level. cau ... the order of arrival to be rever.ed; for in

.tance data on time of arrival at Station 202 (Table 1. 6) indicate that tn.e precuT.or a~rive. at 

the 35-ft level 17 milliseconds after it arrives at the 2·ft level. Thia 'toein, out' of the. 

eReluUa obtained by the Stanford Research InlUtute on Tumbler Shot 4 from ,a""ea OB 

<.round ran .. 233 feet) and 2B (,round ranae 280 feet) were limHar to thOle from Bu.ter Shot 

Charlie in that the precuraor i. not evident at the .tation. c10ae to around &ero; the •• resulta 

are preaented in Preliminary Report - Operation Tumbler Project 1.2 - Air Pre.s"re va 

Time, Stanford Releareh Institute report SU -Q-12. May 9, t 952. by E. B. Doll. 

- t Bates. J. J.. et al. T.:..;.;h~e_T;;..h.;.;;e;;..r;;..;m=a;.;;l...;a;;.;;nd.;;.;;;.....;;;O~pt;.;.;;.;ic;;.;;a;;.;;I_C=ha..;;.r;;..a..;;.c;;..t;.;e;.;;r..;.i.:;.8t.;;;i.;;c.;;;a_o;;.;;f;...N;;.;..;e..;.v_a_d_a~~ .. ~. Material 

Laboratory, N~w York Naval Shipyard, repor:-t No. ND-Q-63, May 12, 1952; see alao Blealuley 

W .• Interaction of a Shock Wave with a Thermal Boundary Layer. Princeton Univ~ni(:y Shock 

Wave Laboratory memorandum report, January 11, 1952; Ponel, F. B., Heigl'lt of Burat fo! 

Atomic Bombs. Loa Alamol Scientific LabQratory preliminary report LA-1406 (to be publi.hed). 
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-~~- ... ......-..., _ •• _- ........... p ... ,..C14I. Tau .............. '4-bunt Clbal1 p'-"~QW taIO, .. 

...... Matd.lJ ..... '"*' Q~l .. r • .,lo&i". 

The" ar. _t111 DO ..... rim~ntal dala for .eal" h.tabu of burl' .... ater tban 1000 t •• t., 
Aa can. be IMIl 'rGlll tbe chart, t ..... data ar~ nMdeci to •• tabUah tIM b"rl' h"Chta ~cb wiU 

live ar ... ot mUimUftl radiul for overpr'''''rea 01 4-1 p.i. In particular. a b\ll'lt at a IClaled 

Mt. of 1. 150 t •• t would provide valuable I"'PPlementary information on the • ...".. of tbe:1ao .. 

.. _ tor .... arul,~rbapl 10-11 PI.i. ' 

. Tumbler Sh~ -( 1. 18 Itt) and 3 (30. an). produc.d Itrona evidence r ... reltnc pr.llu.,.., at 

_uled bI'lhta of IpPro~telY 1000 feet .me. m.ufolHd prellU ... O tor thel. two Ib* were 

••• etlan, the _.".' a. eq~ Icated dlltane.l. Thil ...... m.nt l •• d. one to concluct. \h.at it 

t. valJ.ct to leal. pre.lur.-dtatanc. curvel over tile ranee of 1 to SO Ilt for bur.t. at' .. 1000-tt 

.eal.d hei,ht. 

On the oth'l' hand, althou,h the Ical~d h~ilht ot burtt lor Tumbler Shot 1 (1.08 kt) wa. 
•• l.cted to ~ the .ame a. that tor Buater Shot Baker (3.4 kt), pre .. ure. for Duatel' Bak.~r 

, wera conlid.ra.,l" '10,,1' than for TlUnbler Shot 1 at ~ual lcal~d d11t&ne~. from ,round ~el'O. 

StmUarly. althoqh pra"ur •• meuured lor bur.ta at a 400-rt Ic.led h.i,ht (Tumbler Shot. 

and S".'.r Sb0t8 CharUe and Euy. 14-31 kt) ar~ .omewhat ecatwred. they Ue well below tho •• 

1 IftUc1pa'ld prior to Op.ration 8uater. It 1. cur,-.ntly conjectured that the.e d1.crepanc1e.1n 
I 
i ma •• ured pr ... ur ••• re at 1 ... , partially caused by the thermal effeet ..... od.t~d with the 

i 
J 
1 

1 
i 
I 

i 

formation of the precursor found on shots of lar,e yield at low elevaliont. 

On all .bota of the Buater' and Tumbler Rerie, at scaled he1,ht. ,reater than 600 feet the 
2 

thermal .n~rlY bal been leas than 90 cat/em at ground lero. compared with a thermal eneray 

in exce •• of 300 cal! em 2 for shots at scaled heights In the vicinity of 400 feet. The thermal 

eMrlY at around aero Wall quite small for Tumbler Shot I and Buster Shot Baker, bein.approx-
2 2 

immatelyS$cal/cm tor Tumbler Shot 1 and pruumably 70 cal/cm on Buster Baker. The aupern-

cial,round surfacea ov"r which theae particular IIhots were bUTst were quite d1fff'rf'nt: Tumbler 

Shot t .. a owr an almo.t white turface that was relatively lea8 dUlty than that for BWlter 

Bakar. which wa. ftry dusty and of darbr color. Whether the ditferenc~ in (jut and renec\1v

ity would. per .e. aCCO\lnt 'or the marked differences in prea.ure is extremely queIUonablf'. 

Pr ... ure-time recorda from RUllter Bak~r and Tumbler Shot 1 are .imnar in that both ar. 

almost 'ideal' abock waft, and neither sho •• any evidence of a precursor such as that obsf'rwd 

on Tumbler Shot 4 and Ruster ShoUl Charlie and Easy. Discrepancies between the pr" •• ur ... 

m.asund on the •• ' two .eri •• nf shots are therefore as yet W1explained. 
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